Association between the human personality trait 'Novelty Seeking' and the polymorphism of the DRD4 gene was first reported by Ebstein 1 and Benjamin 2 in 1996. This was soon followed by replication studies in various ethnic groups and by studying the role of other neurotransmitter receptor and transporter genes in the genetic determination of human temperament. More recently, several polymorphic sites of the upstream regulatory region of the DRD4 gene have been described.
Human temperament, as measured by various selfreport questionnaires including TPQ (or a new version known as TCI) 6 and NEO-PI-R, 7 was shown to have considerable inherited components. 8 Novelty Seeking (NS) is one of the four dimensions in the psychobiological model of temperament, which are thought to be independently heritable, and manifested from an early age. 9 The NS scale was designed to measure exploratory, impulsive and extravagant behavior, and has been related to the dopamine system by Cloninger. 9 Searching for association between common genetic polymorphisms and specific personality traits, recent studies have concentrated on distinct candidate genes. First, the variable number of 48-bp repeats (VNTR) in the third exon of the human dopamine D4 receptor gene (DRD4) was shown to be correlated with the personality trait of Novelty Seeking, as measured by the TPQ 1 or the NEO-PI-R, 2 although the replications of the initial findings have been controversial. [10] [11] [12] [13] Further studies concerning the regulatory region of the genes encoding receptors and transporters involved in neurotransmission revealed associations between a novel polymorphism of the DRD4 promoter region and NS in Japanese subjects. 4 This polymorphism is a CϾT substitution in a CpG island at one end of a cell-type specific regulatory element, between −591 and −123 bp relative to the first nucleotide of the DRD4 gene.
14 Using a transient expression system, the −521 T allele was shown to be approximately 40% less active than the −521 C variant in a human retinoblastoma cell line, 4, 15 suggesting the relevance of this polymorphism to the dopaminergic system. Moreover, a significantly higher frequency of the CC genotype was found among schizophrenic patients. 15 Previously we have described the distribution of −521 C and −521 T alleles in a nonclinical Hungarian population, 5 which, according to our knowledge, is the first report on a Caucasian population. The obtained allele frequencies (−521 C: 0.43; −521 T: 0.57) were very similar to the Japanese data. Genotype frequencies (CC: 0.21; CT: 0.45; TT: 0.34) showed no significant deviation from the Hardy-Weinberg equilibrium ( 2 = 0.47, P Ͼ 0.75). Such similarity of allelic frequencies in these populations of rather distinct origin seems unusual, especially in comparison with the wide ethnic variation of the DRD4 48-bp VNTR 16 or with the difference between the Japanese and the Caucasian populations in allelic distributions of the serotonin transporter gene promoter region (5-HTTLPR). 17 In this report, we present results of our attempt to replicate the effect of the −521 C allele on human personality in a Caucasian population. We have investigated associations of this genetic polymorphism with the four major scales of the TCI (Novelty Seeking, Harm Avoidance, Reward Dependence and Persistence) in 109 Hungarian adults. In accordance with the Japanese data, no significant differences were found between the CT and TT genotypes for any personality dimensions. Thus the −521 T allele was regarded as a dominant allele, and CT and TT genotype categories were combined for all subsequent analyses. The raw mean scores for each TCI scale are summarized in Table 1 .
Two-way ANOVAs were carried out to test the effects of gender and genotype for the TCI measures. There was no significant main effect of gender for NS scale, and there was a marginally significant main effect of genotype for the NS only. In accordance with the previously published Japanese results, subjects Table 1 and Figure 1 . In contrast with the Japanese report, there was no genotype-related difference for males, however, it was highly significant for females (CC: 27.30 ± 2.18 vs CT/TT: 20.98 ± 0.97, t(52) = 2.78, P Ͻ 0.01). The interesting feature of the dopamine D4 receptor is its highly polymorphic nature in humans. 18 Most of the presently known variations, such as the 48-bp VNTR in the third exon 19 or the 12-bp VNTR in the first exon, 20 affect the size of the receptor, but some SNPs have also been shown. 21, 22 However, reports on the effects of these structural variations on the receptor functioning and on the normal and pathological personality traits are controversial. 13, 23 Recently, further polymorphic genes have been shown to influence the effect of the long allele of the DRD4 gene on NS, such as the cathecol O-methyltransferase (COMT) gene and the serotonin transporter promoter region. 24 These genetic interactions call for the simultaneous investigation of several functional polymorphisms. The data presented here draw the attention to the possible epistatic effect of the −521 T allele, which was shown to influence Novelty Seeking both in an Oriental and in a Caucasian population. The abundance of the −521 T allele in a given cohort might significantly decrease the NS scores, providing one of the possible factors of unsuccessful replication studies on the role of the long allele of the DRD4 gene. The present result also suggests the possibility of an association between the CC genotype of the DRD4 promoter polymorphism, and a predisposition to higher Novelty Seeking and related risks for women, which might explain the gender difference in the effect of the long DRD4 allele found in some studies. 25 In summary, we replicated the Japanese finding of a significant association between the CC genotype of −521 SNP in the DRD4 promoter region and the human personality trait of Novelty Seeking as measured by the TCI in a Caucasian (Hungarian) sample. Our result showed a significant association between higher NS scores and the CC genotype, especially in women. Further work is in progress to repeat these findings in a larger group as well as to investigate genetic interactions with the DRD4 VNTR and other genetic factors influencing the human personality.
Methods

Subjects and genotyping
Subjects Healthy university and high school students, free of alcohol and drug problems, were selected: 55 males (mean age 22.36 ± 4.2 years) and 54 females (mean age 21.78 ± 3.1 years). The sample was ethnically homogenous, Caucasian, of Hungarian origin. Signed informed consent was obtained from the participants. The TCI self-report inventory was individually administered to each subject. The research protocol has been approved by the Institute of Psychology Ethical Committee.
Non-invasive DNA sampling Buccal cells were collected by cotton swabs from the inside surface of the mouth. 26 DNA was isolated by phenol-extraction procedure and alcohol precipitation as described earlier. 27 Genotyping Two independent, hot-start PCR methods were used for each genotyping as described elsewhere: The slightly modified PCR-RFLP method described by Okuyama 4 and another novel, single-step genotyping protocol, developed in our laboratory. 5 When the two methods gave different results, repetitions were made by varying the template concentration and/or the enzyme concentration until the results were identical. All the genotyping was done blind to the personality scores.
Temperament and character inventory
Internal consistency of each TCI temperament scale was assessed by calculating Cronbach alpha values and was found satisfactory (Novelty Seeking 0.84, Harm Avoidance 0.86, and Reward Dependence 0.71, Persistence 0.74). TCI scores are reported as mean raw scores.
Statistical analysis SPSS for Windows was used for all statistical analyses. Associations of the TCI test scores with the −521 C/T polymorphism were assessed by two-way ANOVAs and interaction effects were followed up by independent samples t-tests.
